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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a high 
performance GaN series of light-emitting compound 
semiconductor device which has very few crystal 
defects and distortions, and facilitates the manufacturing 
method and has a good yield. 

SOLUTION: A cylindrical structure 12 with (10-10) m 
surface on principal surface of a substrate 1 1 as the 
side is formed perpendicular to the principal surface of 
the substrate 11, GaN series of nitride semiconductor 
laminations (InAlGaN series of a nitride compound 
semiconductor structure) 13, 14, 15 and 16 with at least 
one p-n junction are provided on a partial or overall side 
of the cylindrical structure 12, and electrodes 18 and 17 
corresponding to p-type respectively for injecting 
current into the lamination structure 13, 14, 15 and 16 
are formed. By injecting current into these electrode 18 
and 17, light- emitting regions of the InAlGaN series of 
nitride compound semiconductor structures 13, 14, 15, 
16 emits light, and the light is emitted in directions Rl 
and R2 which are perpendicular to the principal surface of the substrate 11. 
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Sffi 1 1 0±B5±C (lO-lO)mB 
^rffliJfflfcl-SS^Sigl 2i)\ Stfii io±BSi:SBfc 

(i— gptc«, '>&<i:fclOcDp-n#S*£trGaN 
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imm ii g a mmim*mfr<ommmm- 

%tmfr5&ffi?fct3^T, «£±ffi±»C, (10-1 

<Dp-n&££r&fcG a Nmgft&l^ffcSWStiitffc 
JiSft, G a N3MftM¥«ft4MHffi&fi:«)K«SX-r 

T, MI2S«{*. (0 0 0 l)Cffi£±ffii:T£-9-77-r 

m#g 3 ] w«® 1 1 mDmfcmm^icts^ 

T, MIS®K«. (0 0 0 l)Cffi*±Sk-f*GaN& 

lffl*»r*GaN^{BIMHI^««li«tU 2£ 
It, fg 1 (OmWUZStZ G a N^{bft¥*<*ll±fc 

£ C k£1^k?-S^*f£)fcfg?o 
GSI#«7] W^4lB«©^ii*56^ : fti:fe^ 
T, t&Eftttllffi©±aBi:tt, EMMfflftS* 

ismosmttma 

[000 1] 

[5m<omtz8mm *58B«, dvow. cd 

[0002] 

K£fc<D&{|j] Wfe<DL E D litifc&ftffl&O L E 

i£, I n A 1 G a N£tt#&¥»#*fflV\ H-^Vh 
kLTMg^r K-^tftflaaftO pS i Wft«3WI6n 
fcCkfCkD, B»eWfeLED^*ffl{k*tu ZZIC 

[0 0 0 3] 01 4tt3S:^ Oapanese Journal of Appl 



led Physics vol. 34(1995) p.L1332~L1335J IC^tt 
TV^ I n A 1 G a N«fl^MIMI«W*««V^3W6^ 
*- F( L E D)cO»fffi0T'S5o 

[0004] 01 4£>LEDtt, ^77^(7{k 1 2O3 
JW&SDfr&a* 1 0 0~3 0 0/tm<D««l 0 1±1C 
n®0GaN&kfre>&3<ffi&'^77jf 1 0 2 k, n 
I#>G a NJf 1 0 3 k, V yF-7*©I n y G aa- y >N 

(0<y<l)a^*»6ft*ffifflil 04k, pSAU 
Gaa-x>N (0<x < 1 )&k>5&S/<'J7Jf 1 0 5 
io fc, P IIGaNJS:k>5fc.5*+-y7Tf 1 06k*<, * 

«4Wt*«iaaEfia(ttT, MocvDj£k^5)£<fc 
[0 0 0 5] ^LT, c©guf2ttfc^tt®©-gp*< 

X-y^y^Cfctt^^nrSUiLfcnSlG a NJf 1 0 
3±K, nffllimfiil 0 8*<Jft£2tU 3=fc, 

10 6±K, pflflg&l onm&ztu cwcx-s-c 

[0 0 0 6] 01 5ti. $M Qapanese Journal 
of Applied Physics vol. 35(1996) p. L74~176J1C^ 
20 snTV^**5iW!BH»l6a!U-'1f^*--F(LD)© 

[0007] 01 5<0LDtt, 01 4<DLEDk|B|$ 
K, ■9"77-l'7(A 1 z03*eS)*^%« 1 0 0~3 0 
0/«mOSffil 22±£, nS<DGaN£kfre>&3{S 
rgM-y77l 12 1k, ng#>G a NA'^ftSififi&'W 
77®1 20k, n§H n y Gaa-y)Njll 1 9k, n 
Wl<DA lxGao-x)N (0<x < 1 ))i 1 1 8 k, nS 
GaNill 17k, y>F-7*(DI nGaN MQW& 
k*^**Sttll 1 6k, pi/A lzGaa-z)N (0 
30 < z < 1 )H 1 1 5 k, pSJG aNIl 1 4 fc, pMA 
UGaa-u>N (0<u<l)Jll 13k, pSJGaN 
Jf&kA^&£*-vy7TIl 1 2ktf, MOCVDffit 

[0008] ^ur, cvmmznr&m&mzvvv 
WcF^x-yf-yyfsckJcfcoT, ymm&tP; 

HmLfcBS/^y77«l 2 0±tnffiijaiSl 2 3*^ 

^n, ttc, *-w7mi 1 2±icpffljsiii 1 1*< 

10 [0009] Sfc, 01 6«, #P^¥0 7-2023 2 

[0 0 1 0] 01 6©S^6P— tf^tf-Ftt, -9-7 
7-Y7»ffil 3 1±K, iSftSfett/^77JBl 3 2«r 

iSMWMAUGad-x^yl m-yN(0<x 
^1, 0&y£l))frt>%%®lB2t\r&nj§l 3 3, 
1 3 4. 1 3 5, 1 3 6k, £g^(D®_rJfl 3 6KR 

»iraB»R*nfes i mmm 1 3 8 k, •^77t'7S« 

so CfgfifcSttfcft 1 3 1 AlC*5^T^S@(0StbLfcfflT 
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m 1 3 3 \csMmx*m^tircm 2 mwm 1 3 9 t&n 
u mimmmi 3stm2wm\ 39ttn^><om 

^111 3 3, 1 3 4, 1 3 5, 1 3 6 tXPJm* 

m&u mi 3 8, 1 3 9 tmmf&jfatcu-yyt 

cooii] zoMwmc mi evmmis— *f#<< 
t-nm vyr-tym&i 3 10(1 1-20)® 

(aS)±tc x AlN^777ll3 2 f nSGaNJfl 
33, niAIGaNU34, G a Nfgfflf 1 3 5. 
p^A 1 GaNJf 1 3 6, S i Ozl 1 3 7 WSJlSft 

S i p 2 ® 1 3 7±£ 1 mm0»We 
n> BHJLfcpgA lGaN113 lfflfiil 
3 8jWftK*tu Sfe, U77^7gffil 3 lfcSffifr 

*U nSGaNJHl 3 3tfBHJ*tU niGaN113 

3^®tc a i mm 1 3 9 A^fiKsnrv^o 

[0 0 12] Sfc, HI 7te> «FBB¥08-3 0 7 00 

[0 0 1 3] 01 7 (Dffi^fi U—tf^^-Ktt, 
ttOKffil 4 lOiffifflfc, Bffiffi**rr*J:'3K:*fi 

1 4 1 Kwasnfts i »«!*aM**^ft** 1 on 
y**m 4 2^, Biiraampft&ettsfti® 

^77Ml 4 3t. fittl 1 4 4£, m2««SJ^I 

tu cti^<ommm<omK>K\,mmm 1 4 sawtsn 

T#t/£2n> » 1 Ffi 1 4 3tfg& 1 4 1 <D± 

mmKBmztiz&otc, m\<o^y^^vm\ 4 6t 

?L1 5 2**Rtf&tU COftl 5 2rttCfe^T, ffi 1 (D 
*5^y Fl 1 4 3 03tffi±{efg 1 (Omm 1 4 93W&ft 

#tu &tc* comiommi 4 9timLrs %2 
*u *fe* ffiiony^Mii 4 2<mtmtim? 
otmaxtu sfc* mmi as, m2<omm\ 4 

[0014] zomtmic 01 7©aBfiBti^— w-r 

*-FT»tt, -9-77-r7S«l 4 1 P«9<0-eptc(5l^- 
Off*fc*Scfc3k:JB)52*nfenS!GaN3y*»hJB 

I 4 2±£, niA 1 G aN^77 FJf 1 4 3, Gal 
n«14J114 4, p§3A 1 GaNi^yFll 4 5, p 
iGaN3^^hI146, A 1 NtA 1 GaNM 
S^®ig3b^4^pS¥Sf*SI*«l 4 7Amk^«M 

[0 0 15] CCT\ Ga I nNgffif 1 4 4ti, ni 
A 1 GaN^77KIl 4 3, piAlGaN^77K 

II 4 5te£oTtt*ttT*5»), Ltliaot, A I G 



a N/G a I nNO^;l^\-rn«BB<flR*«nTV^ 

[0 0 1 6] Sfc. mm\ 4 8tt -9-77^7S«l 
4 1±fc, nSAI GaN*5y Fll 4 3fr6pS!¥ 
^ftSSMl 4 7STC0Xlf^>^;l/l(0fflK^(*^ 
«ffll*n*J:3fc:jgjjH?tiTftt). U— if F*c 

[0 0 17] Jte^ 1 4 8<D±ffi±f*fctt, pi! 
¥^ft££Ml 4 7«MTpSGaN3>^Mi 
io 4 6fc*-5y*3V**h^S*3fc p gtf;j---^y* 
WM I 5 1 3WB**tlT^». Sft, nS!A IGaN^ 
^>y Fll 4 3£T*7L(I^PgiO 1 5 2#|l8P*nTV 
*o Sft, BflPgPl 5 2tonSA IGaN^yKi 
1 4 3©ffi^*lCH:. Z r Ofc S i OafcOflUMBtBC 
*5S««H*^4*K««ll 4 93WK««tiTV>S 0 
nSGaN3^^Ml 4 2i:t^7^3> 

^^h-r^^icvyr^rm^i 4 loi^tit 

nS*- 5-y*«ffil 5 0jW&££ftT^£ o 
[0 0 18] COBKBttU— lf^*-FTtt, pSW 
20 -5y*WI15.1, nft-^ v 5 0HHI 

E*BttnU niGaN^^^hli 4 2£p§HGa 
Nny^h/Il 4 6kOIHJc4i;*«|IKHSHBOL* 
VMfi£®*££, E3t&l 4 7, 1 4 9tC* 

fc)t^u-if}tfcUTiJBp«i 5 2^o^mco^mc 

[00 19] 

G a NJKO^NWajISR^i, ffiSfgftS. M&fcl^ 
fete. ±K^7r^7S^ffilc¥fTKSW«nfeai 
30 «Bfi«8JtH«kLTfW!*tiT*feo 

[0 0 2 0] LfrLfctf&, GaNJ^^NK*fc1J- 

^7«fc£fc«l*ftfcG a N^fk^ft^*ai«5fi 

Tl/^o Sft, G a N^b^tt¥9Wia« 1 0 0 01C 

[0021] co*5atta*« j *»s*a^tt, 
co* die. ot^^. s^t^^p^-r, s« 

^GaN»0*S9f*5B«?T?«. ea^PB^S^ 

[0022] *fc «%^^^^7t^, mar 

^G a N^t^^««»iflliStT, *fl!V\*IHO* 
A0Wft«^ G a A s ^{b^J^^Oi: 5 

50 m\c&?Tis-y-*7-msmd£r%ztmMx 
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¥f?filW*WBffi«fWr*CttH5-fiy^ 

[0 0 2 3] LfrL&tf^ GaN&{fc#8)¥l9{*T- 
tt» G a A s SftttltMBBft® F5-f i» ^V^tCjt 

t<fcftft^ft£©HBfe*»>* »IITJB*«n*J:3 
ttSVlcWT?. ¥»&««i§*l#S K5-Yx»f-yjf 

[0024] hi 5co«fc5&(^?£fcS!¥»{* 

[0 0 2 5] HI 4©*9ftffi3BfcS!¥«Wia0fc 
*?CflB8)IHBL E D)T?«, S5(0*8tf/£< , U>XtO 

[0 0 2 6] 016, El 7<D<fc5&«j§©ffif8 

-of Co 

[0 0 2 7] ±5E<DJ:3^^(OG a N&ffc 

ttfl&O G a N^{b^5¥«?«:SB^?*Stttr* 
[0 0 2 8] J:0JM*ttfc, *ISP!«, G£fc©ffif£fc§J 

l e D<fct> t>ttMA«K < -r * c t o^fta*a««et 

[0 0 2 9] Sfc, tf77WT«Rft£©l& 
[0 0 3 0] Sfc, &3fc<DffifS)fcl'-1fcD£ 

[00 3 1] 



1 GROffiBtt, G a NSMMMWttoa 

JWBi*»r**««*«)iaimci3t^T, sis±®± 
(io-i o)mmzmt?%Anm)mm<D£® 

[0 0 3 2] *fe M*«2eM0&l!l& IS^JS 1 IB 

lo^wwajwyteiBv^ mibscib^ (ooo o 

So 

[0033] w^3ia«©^w{^ mtmifc 
w/&mM&tM&&Bb*T. mmm*. (o o o i ) 

Cffi*±B5fcf* G a N£g{bl^£f*-Z?;&S C fc «* 
[0 0 3 4] Sft, W«W4ffiK©^«, nt$& 1 7b 

G a N^fb^NW*«±U:«§«#ffllft^fig*n, KBS 

wrac-wctt* $ i ©wisiog a Ngsrcittf* 

1 (OmWSKDG a N iCffitBStt 

«Bswe«*nTft»)» cms, mmmcommut 
30 afcur^So 

[0 0 3 5] M*gi5lBK0f8H& W««4E 
[0 0 3 6] £fc, H*W6IB«C»^«, il*«4iB 
[0 0 3 7] »*«7tB|g(D^«, I«*a4fB 

40 |^£o 

[0038] 

m^xtmtz 0 0 1 H*sOTK:***»(*«MaiHP 
<D-m%7n?%tfm. 02«0i<da-a' <ac*^5 
WE0s*o hi. m*&m?zt, dow»a 

«?tt, SKI l<0±ffi±li:, (10-1 0)m®£Hffi 

fc-rsstt^jgi 2ftiii i omt&mcBfcz 
a ^^*B3®«)i( i n a i g a ufsmmmma 
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mm 1 3, i4, is. i emmttu C<Dffl§® 

iSl3, 14, 15, 1 6lcW8ft£j$Af£fci&<9p 
S n WliCttfc LtcW® 18,17 jW&SSttT^S. 
*-LT, C©m8Sl 8, 1 7t«gil*}iX-rSCtK«}: 
9. I n A 1 G a N£Mfc^¥«#«l«tig 1 3, 1 

4, is. i &ommmmtu wtLtzmt. m 
«i ito±sts«o73(^Ri, Rz\znimtium 

coo3 9] z.K>mm\z. s«i lttt +1-77^7 

afebm-'&tU •9-77-l'7S«l l±tctt, nSGa 
NOAfttttfflSitl 2*^«nTV^. C(Ott««ifi 
1 2«DWffl©-aitt(l 0-1 0)mIt*6D, C<D(1 
O-lOralil^ nfA 1 GaN^5-y FBI 3, 
I nGaNffilill 4, p^A 1 G aN^77 FJf 1 

5, p^GaN*+-y7^i §tmmmi£i\x\<^ a 

[0040] ZLT. p§JGaN**>y7Jf 1 6©^B 
<D-gBK, N l/AuA^SSpiHil 8tfjft££tl 
TV>So $fc. nSGaN©tt<$P§i§l 2tt, ^©-g|5 
*WJLT*5^ CCDStHl/O/^gPtfl;:, Ti/Al 
fre>&3nflimi 7#J&£S*lTI/'>S. ^UT, CCD 
a® 17, 1 8tc«8S^aA-r-5Ct{C<J:-5T, InG 

aNSiisi Atmvtu m.Ltzmtmm\ Am 
wsn*o u-&fri3, co^#^n?«. sffii i 

So 

t, KfcWtfm 1 2 h v p e vnmLrmc. 

(1 0-1 0)mi*'r'5J:?li:K7-fi^yyT« 
L/c„ 

[0 0 4 2] C<D<fc?tC. AftS^iil2«, HVP 
E^fiaibfc^d 0-1 O^mm^X'^^lcYy-f 

*£fi3fi 1 2 VPE, MB E, MOC VDj£^T*S£H 

1 2^ft-r«ctfcsi^TJ&« 6 -e^j^ffitt^ 
[o o 4 3] ttc, Kft&vmm 1 2<Dffiwc^i?n 

S p - nteSttStS I n A 1 G a N£g{bt&¥gf*SlJI 
«jfil3, 14, 15, 1 6tt, MOCVDT'fiEH-fS 
Ct*n?SSo SVB^USil 3, 14, 15, 

1 6tt, VPE, HVPE, MBEi^T**Sllj£g-f& 

[0 0 4 4] Sfc, ±3*Ofi«T»tt, Sffi 1 1 fcl/C, -9" 

If. I n A 1 G a NftSfHtMNH*. f»J a* M g A 
I2O4. GaAs^OSS^^ffl-rSCilfeBl^T'S 



[0 0 4 5] 0 1 . 02©¥SW*^JtS?m ( 1 0 

- 1 0)mffi*fl«i:-f S«tt«iii 2*<S«i 1 cd± 

'pr £ < t p - n&££$trG a 

NMRWWm«l 3. 14, 15. 

G&mmit®¥mmmmmi3, 14. 1 

5. 1 6KW»5%aX-rSCi:K«k^ GaN^t^i 

10 *mimm®mi3, 14. 15, 1 6o>5mmT-% 

£&1 l©±ffitSiSO^|p)Ri. RalcftfiSUiSn 
So CttlcJ:'). S^TfficaML^MmfEfilcML 

mm w<omm) m<?zc tit?* s» 

[0 0 4 6] HI. H 2 
a«^jil 20fflll®T-a55(l 0-1 OmltCGaNS 
8ft#ttWttllMIISl 3. 1 4, 1 5. 1 6«£IM 

e>ttSo 

30 [ 0 0 4 7 ] 11 3 ^mmm^^mwrni-nmo 
mmtmm. 04«03©a-a- wxcwtzwm 

0T*fc£>o 03. H4«W!W*fc, C©i|£«H*«3tJR 
01. HZOiNWajiaPFKfeV^T, SS(1 

1 )*ko 0 0 1 )cm*£mtr&V7T'r7titox 

[0 0 4 8] J:DIM*ttC, 03. 04©01JT-«, *7 
7^7(0 0 0 1 )S£2 1 ±1C nSG a NOAfttt^ 
«B62 2«W«**lTV»*« C<D#Wm2 2<DWffi<D 
-gP«(l 0-1 0)mffiT*36»). C©(10-10)ml 

40 ±1C, n^A 1 GaN*77 FS2 3, InGaNiStt 
124. pMA 1 GaN^77 F^25. pSGaN^ 
* >y 7m 2 6 *<IH#$Jl£tt-tV3o 
[0 0 4 9] «R2 1±«C» Sfe, ^Iffi5g2 

3. 2 4. 2 5, 2 60JSB1C, nSGaN<0ft 
tf«?j§2 2<0±gPGtt, S i O2H2 9;W#«Smv 
So -?-LT> C<DS i O2I2 9(4, pSGaN*t7 
71 2 6 <D^S<D-gPt nSGa NOSl^ijfi 2 2 <E>± 
gPO-gi5T-?L*W75n, C^JLlCkoT, pSGaN 
*-v-y7JS2 6<0^St nSG a N 2 2<Dgffittfiiai 

so LTl-»So 



[0050] *l/t\ C©iiaiL/c:pSGaN*+>y^ > 
S2 6©SffiK«, N i/Aufr6&Sp{llffli2 7# 
»«*n. Sfe, nS!GaN©tt««ii2 20±g]5lC 
tt, T i /A 1 fre>&S nllli2 8 iWBrtSfttV 

So 

[0 0 5 1] C©H}g2 7, 2 8K«git5:aA-rS<:t 
KioT, I nGaNS1$JI2 4#JgftU fSttb/cft 

.ttis«fei2 4rt««fiftu «S2 1 tttvmmtim 

afcflflHSft*. 
[0 0 5 2] ftfc. ■3.-H40¥*fBBHH i li:&V' 
T. S««jt2 2«, HVPE-ejjBUl/fcflHC, (1 0 
- 1 0)mffitfT?S<fc-3C F^x-yf-y^TiftSsn 

So 

[0 0 5 3] AftSttlijg 2 2 tt. HVP 

ET-jtHLfc&KO 0- 1 0)m®^T*SJ:3fcF^ 

«WjS2 2tt, VPE. MB E, MOCVDS^TiKS 

snsfeo-ett&v. 

[0 0 5 4] *fc, Aft8ttHi62 2©«!lffik:ai«n 
S p- n&£^€f I n A 1 G a NJUfHWM 
4f§ii2 3. 2 4, 2 5, 2 6ttMOCVDT-^-TSC 
fctfT'tSo fcSWi, 8Hf»ifi2 3. 2 4, 2 5. 2 
6ttVPE. HVPE. MBE?£^T'££JI/£g-fSCfc 

[0 0 5 5] 03, 04©^ft#iBfcfi??T-«, Hi. 
B2<0iPW*«)fc*?fcfc^T, ©E2 1(1 1)*\ 

(0 0 0 i)c®*±®i:-rs-9-7r'f'7t*-oTl30, 
(000 l)Cffifc(l 0- 1 0)mffi£«MffiT*&S£> 
T*. HI. 02<D^{*??^?<D!»I&cAdk., t7r 
47 al^G a A sSO^fcttflrTSiiSKtt^T, 
®K±ffitc^tt&( l 0- 1 Omffia^fcSflmSfcJSo 

±HfcM«^lc«i08M&&ftU »S4)±ffifcSt 
ffifcffit&( 1 0- 1 0)mffifr£>&S{IJffi&8oAft1£ 

CfctfTtSCfclC&So 

[0 0 5 6] H5 ttttBHtCft « 7 WiRTOHmbR 
SWBfiBBIffOlWlH, 07«H6<DA-A' «lc«it 



(6) f#T#Fl 0-32 1 9 1 0 

to 

S»rffiH?£So 

[0057] 05. 06. 07£#UfSfc, C<0¥» 
fcJBBRTtt, HI. 0 2 <0¥3W*^aS?»CteV 
SC(1 lWOOO l)Cffi*±ffitr«GaNiRa{t 
%i)£^( I n A 1 G a NJfmM&Wti titvT^ 

So 

[0 0 5 8] H57S£H7©«T*tt, « 

«14<QnS>GaN(0 0 0 1)8*3 1±C, SiOzJf. 
3 9*<Jf»Jtl.TVSo COS i OsJf 3 9tCtt?L*?jH 
io tt&ftT, nSCaNStE3 1*S«WlUT43t>. C 
©BtaLfcnSG aNS«3 1 affile, nSG a NOA 
ft&KM&3 2:W&£SttTVS. 

[0 0 5 9] C<Dmm&3 2©i!lffiO-gp«( 1 0- 
10)mffiT*£D, C<0(1 0-1 0)mffi±tC > nUA 
1 GaN^7-y FB3 3. InGaNiSfii3 4, pM 
A 1 GaN^77 FJI3 5, p^G a N+fyyi3 6 

[0060] pSGaN*+y:/Jl3 6<DSffi 

JCtt, N 1 /A u *»6*« p1MS3 7 *^/£2ttT^ 
» So 05T?ti, nSGaNg«3 1±K, 0 

6, 07 em&*tt&mmtm&iMk9k *s 

t>, C©lf&, nlGaNii3 1 ©gffiCtt, T i / 
A l*^*Snffl|IHS3 8*^fig^nT^S„ CCT% 

%oTVS 0 

[006 1] gfc> p^GaN+-V>y7 , /l3 6CDS®{C 

^fi2?nfcp(Da®3 7«, ^anm^mm^m 

iL LTfc *) , c CD p 3 7 K<lS'JK«K£!$A-f S 
30 c tK&iT, ttMOVrntmymTcD I n G a NiStt 
Jf 3 4«L, ^Ufc)t«jSttS3 4 U 
S*3 1 ©±ffitc«LSB7a(RlR4tdftW?nSJ:3tc 
&-3TVS. 

[ 0 0 6 2 ] 0 5 7bM0 7 0*SW«eHfffci»^T, 
±>&D0IJT*fcJ\ SS3 1 fcl/C, ®W&V>nmG aNS 
«*ttfflbft*«, 057iM07<D¥^^)^?T-tt, 
SS3 ltt, itfegH4T'feoTfe«tt14T-feoT*>^<D« 

io [0063] flU ±xE<0«!l<0«J:-5»cS«3 1 tLT« 

fctZCtmmtK*). 05<DJ:3«7Ul'«^^ 
*JiW*«d, 7 W«JR?<D«ii1|@*S«K®»C» 

s«iSffitc«B!cT-t), «H/<*-vo«««n^aias 

U-oX, WR3 1 tbT««tt©tO««fflf *«*»C 
«, »fegitt<0feO%ffiffl-rs»^lcJt^(S«3 l<0g 
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C0064] 7 1 tfS£tt#ti§3 2{;i\ HVPET-lS 
^Ufc^KCl 0- 1 Omim.t^C^-l'X.yf 

3 2«, VPE. MB E, MOCVDS^T*i!SJ|j£lL 

T'&Zo mHOMOca-oX. Afc8ttWBS3-2* 

tl3fe©T'«&t,\, 

[0 0 6 5] Sfc. Afc8tt1i§ji3 2©fflliiCi9B«n 
S p-nj£££#ty I n A 1 G a N^ftJ»iN«*5ffil 
*B63 3. 3 4. 3 5, 3 6&M0C VDVfSmtZC 

tn^et &o fes^it mm®m3, 34, 35. 3 

6«VPE. HVPE, MB.EW8vmBti&rZCt 

[OO66]05 75S0 7 <D¥®frmm??tt, WSL 
Z\t)\ (0 0 0 1) C®*±ffi £t& G a N^gfc»¥ 
SittfcfcoTfc^ S1S3 1 ICG a N^frl*^*** 

m?%c£T\ mtffi$.ttt®mw&3 3. 34, 

3 5,36 tSffi3 1 tOttTjafc £*3SMt«©l« 
W^jfiffeOtC-rSCtA^T-t, 03. 04©«fc-5K 

«3 1 tmmm z<D&?mm.*mmem&Kx. 

oT, fomBlC«WSn«WI«SB3 3. 3 4. 3 
5,36 ©JSHttfc « 6K|ft± U £ &fc*y<0l«t* 

[0 0 6 7] r**>-B» 03. 04©¥tg&8ftiit : Pr- 

(1 0-1 otaseaMunrso-e, w&tvrn-^ 

»ttOftVSf»aR?«fWP***V 0575507 
©^ttfSttff^T'tf:, *6IC, Sffi3 1 fcttttlii3 

fflBm&33, 3 4. 3 5, 3 6©i&§l14t>£5fc|*J_l: 

[0 0 6 8] 057}S07©¥3Wi3£fcfii?T* 
tt. S«3 1©±E*\ (0 0 0 DCffii:*oTfeD, 
(0 0 0 l)CjS£(l 0- 1 0)mffittiSfiT*^SO 
T?» *7rW7aiB J f»GaAs«OlSfi*«fflr*«& 
KJt<. (10-1 0)mEfrS>&Sfi!| u 5*t>oAatt# 

fifcioT, ««±El;:gjg&( l 0- 1 0)mBfA t &ft 



4So C©fl^&G§^fi)©?iJi&fcLTtt» F5i' 

■fScfcfc<»rfi6i:&t>> F^x-y^-y^igT?©^ 

[0 0 6 9] 08t±*^t^S4^»%)t^?<Dfl6© 
ttKj**«8Bk H9ttH8©A-A' »c}3tt3»rE 

[oo7o]08, m*mc?%t, coy^mwmt 
10 mm 4 1 ©±ffiic^ 1 (omwmv 1 n a 1 g a 

4 9jW«llSnT*?>, C©®§«*§!4 9 

S 1 ©S9ttS© I n A 1 G a NX8fbN)¥ttftil5 0© 

aaBKSBtr*?L3!flKi««*u zmj&mLxwi 1 ©£ 

1S<0 1 n A 1 G a N^<bM^fWMSBJ:lc!B 1 © 
£«§«© I n A 1 G a N£gtetl¥^©1£##f;i4 2 

[0071] cc-e, a««3§4 2cos«, mmm* 

tTV^o ^LT, CO$|ffllBfi4 2(i> S«4 1 ©£ 
ffilC^ilT*( 10-1 0)mffi*ffl|ffifrSAfttt«Wjl 

©fj®©'>&< tfe( 10-1 0)miI]©£S5&.5Wi— 
«ca, I n A 1 G a N&lll3M^{*©iBWflSjg4 
3, 4 4, 4 5, 4 6)tfHjI£ttTkV& > 
[0 0 7 2] Sfc, IKS^aA-r-SfefeOpS!. nlttC 

MSUHW4 7, 4 8)WB#S*rc&D* c©«H4 

7. 4 8*>e>^«ii4 3, 4 4. 4 5. 4 6fc«ffi* 
30 ^**Cfcej:»>, 8WWB64 3. 4 4. 4 5. 4 6 

onwiwbra&Ku s«4 1 ozBtat&ftkRs 
[0073] swrrntf, 08. 09cww*fg#f£? 

tt, S£4 1 ±fc» m 1 ©®«S%#T5G a N^gft 

mmmsoiimmttu zzk. wu<d®w§i*g 

t Z G a NattftfttfgWM 5 0 ±tc^mf*^ 4 9 *W 

a N^blfMNBWB 5 0OaffifcJi»r*?LiWBfiK« 
n> C<0?L«:iiLT^lO»SS©GaN^g{t:^¥S9 

Stt^ii 4 2 tmmiitn 1 ©«bst?s o , a 
mi 4 20MH»ojmoHK^ ^m<*^4 9©^ 

[0 0 7 4] 08, 09©fflJT*{i:, (0 

0 0 DCS5^iSt-r5-9-77"l'7gS4 1±1C, n 
3)©GaNjf 5 0#83MSns ^©±(C S i O2H4 9 
^ti^tlTfctJ. C©S i 0 2 J14 9©-g)5t, ni 
GaNJH5 0*ffiCS£tr*?ljWBtfStU ^©dFL^a 
UTnfflGaNfl5 0«aLhfcnffiGaN8tt*fi64 2 
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[0 0 7 5] CCT\ £tt«fj64 2<omt. S i OzM 
A 9KW»t&ftfc?W>S6U:T*»\ &ttM»4 2©» 
fifflJ©j£ffiO-Si5tt> S i QzMA 9«aB±*-ett*W 
LTStf, S i 0 2 jf 4 gfOSBtgLTf-So 

COO 7 6] C<0&Wm4 2tt, gffi4 l«ffiKgit 

t-(i o- 1 o)mmzm£?zttffimm-?&o. 

mfmj&4 2<DMmi3^Zf±miat^ nSAlGaN^ 
7-yF»4 3, 1 nGaN?£1$/l4 4. pSAlGaN 
^^ym4 5. P SGaN^-yy«4 6*m{fM 
O C V DfcioT«*fc8W«nTV*. 
[0 0 7 7] *LT, pl>G aN^fy?14 6«0S® 
tCtt, N 1 / Au*»6a*pfl»B4 7)WBa«tlT^ 
So Sfc, MM4 l±fc»i<SrnfcnS!GaNJi5 0± 
OS i OaJf 4 9<D-g&Ctt?toW&ttTn!!GaN 
A 5 OtfKtBLTfcO, C©g|5#KT i /k 1 frS&S 
n«WS4 8««nTl^. COW4 7, 4 8£ 
TOSfcaA'fSililfcJ:'), I n G a NS14B 4 4 <D$I 

sfcttlBSn*. t&to^ 08, 09<D¥g#8)1i3ii 

tVJVSo 

[0 0 7 8] 08, H9©WjaHfc:*^T, ffifl&3i4 
2tt, GaN^5 0±{CS 1 0 Z J1 4 9 £/£^ 

SflS^Xryf-V^lCiDv S i 0 2 ^4 9iC^m<DH 
Zffllfs C(D?LK<i;DIStaL/cGaN^5 0±{C, 
ffiTTHKHli: nSGa N%&jh£ft LTfgfiKT S C fctf 
T'SSo C<D<%<Df&B&<DffiRli. (10-1 0)m®T- 
HStlfcAfttti:**. C£0Afte««Jt4 2tt, CM 
BElRlLTfetK S«S(*ffi4 14)*ffi)fc£ftlcjftft'f 
S*\ S«ffii:TOcfefi2S-r5ftJ6. 8ltf«Jig4 2<D 

T«a, s i 02/14 9©t<i5T<c;n/-cSiJitc% 
s« -ffc*>-^ tsftmm&4 2«\ si o 2 ji4 9ic 

[0 0 7 9] C0tt^£JMUfe/ft&tt*BB4 2<D 
S i O2H4 9±ttt*abfcgq5>«, SS4 1 fc©*g 

©K»**tlc<<, *SJI14#ftJtLT^S„ -e©/c 
46, A8ffl$&3i4 2<Dl!lffiT*&S(l 0-1 0)mffi± 

icmznzmmmtKzmmms. 44. 4 
5, 4 6fcgig4 1 aottT^B^mma^gicj: 
o TgASfts^^^og^o^fcvsBs.ftfcSs.ii 

ttfcfcSCfc*^ 83ttNt*M&£0Mtt^ftfe 
3^f^?jWg$T't S. 
[0 0 8 0] Sfe, 08, H9<D«fi8fi«J-ptt, 
fc&S?8Jf#Sji4 3. 4 4, 4 5. 4 6<DSi0 2 Jf4 

"MOOO l)Cffi£¥ffti:&S<DT\ 08, 09cW0 



[o 0 8 1 ] ft*, jbaowm «umeB4 3. 4 

4. 4 5, 4 6£MOCVD-a#ISU $fc, ®K4 1 
ttT(4, *77"f7*ttfflbTI#^**»» 8«4 1 fcU 
Ttt, ?7 7-<7<Dfrt> InAl GaN&M3& 
(1 1 1)-><J3>. (1 1 OMgAlzOi, 

(i i \)G&ksm<Dwm®mz>ctmmT'h 

So Tftb*> CM^LTGaN^&M¥8ft|£B 

<^SCfcfc-?#So 
10 [0 0 8 2] $fc, ±*B<D0IJT*«, Aft&Kfll»4 2£ 

fm&T*jmt&kbrct)\ mmofrt>*)\^ hvp 

E. MB E, MOCVD^T-Afte#«t)l4 2««a 

fiScft-rsctfeRi^T-feSo cons, *ff*u?-rsc 

fcT\ AftS*^4 2©±fl%CIifcr*CfcfcWlfc 
T'i&So 

[0083] c©«k3^ 08. ®9<D*mmm? 

2<MBWi«l4 9±Ott*aL«:»»»i, 
20 £8^fB$K^i^KJ:oT#A2ftS2***l%© 

■SSCfciOT?**. CtUCJ^T, S«effiB4 2<OMB9 
^5(10-1 0)mffi±K^£ftS3Sft1I$fc&S 
*l$ig4 3, 4 4. 4 5, 4 6 fe, Sffi4 1 fcCOtS^ 

So 

[0 0 8 4] Sfc, S««il4 2CDg|a{*^4 9±ttt 
Jo »ULftffi9omiW4 9J^ttLTb'«MSHt. 

S{*K4 9^®#&fi4 1 OiUcfffffltiWl 

2©jgffifcgffi4 1 ©±®tcTOT-¥ti 
fc^So COCttt, tt««5t4 2CD1I®T'$.S(1 0 

- 1 o)mw±ic®mztizmm&t%zmmm 

3, 4 4, 4 5. 4 6©SI£#JK4 9SffitC«LTVS 

ajswcfeSTtts*. -rata*, %7^n5t*s^^ 

ji4 3. 4 4. 4 5. 4 6KOV>t6, Sffi4 1 ©±® 
[0 0 8 5] ZtCs 0 1 0«*^C^S¥«tt^|g 

^offioey^r^m 01 1^0 1 o<da-a' is 

H:teltS»rM0T'feSo 
so [0086] 01 0, 01 l*#H8T3fc, CcD^t* 
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tt*i&(4 2)<Djgepfc±sp*Ho o o i ) cwvm&sti 
coo8 7] .k&gttwc 0io, mi i<omw£ 

3fc*?T*tt, (0 0 0 l)CW%iMt?Z>y7T'(7m 
m5l±^ nS?©GaN6 0#8J/l£*U ^©±£S 

i 02!5 9tfti«£ttT^5o 

[0 0 8 8] COS i 0 2 ^5 9<D— SPlCti, nSGa 
NJf6 0gffi£SJ^S7LtfJ&£StU Zmjt'MLT 
nfiG aN!6 0*ffi±tenS!G a N8tttttt5 2jWP 

[0 0 8 9] tt«fi|j65 20Stt, SiOzS5 9tBB 

m<0-mt. S i 0 2 J15 9Sffi±$T-tt*taLT® 
tf, S i Ozjf 5 9gffiK®LTV5o 
[0 0 9 0] C<Dtt«^ii5 2«, Sfi5 1 iffiKMS 
T\ MBNIK1 0-1 0)ml JfflChSOffCffl. j£S 
(S 1 O z Jf5 9CTLhKH:*aiLT«UTV^*ttttWfi 

[0 0 9 1] *LT, tt«Blji5 2 0ffl!lffiKtt, nSA 
1 GaN^77 KJH5 3. InGaNg14^5 4, pS 
A 1 GaN^77 FH5 5, pSG a N*+-y7J15 6 
fcWLfcfMOC VDtcJ:oTli#£SUf SnTI^So 

[00 9 2] *LT, «ttSlji5 2©fllffi©-E©pI! 
GaN+'VJ'TJf 5 6©^ffifc:tt, Ni/Au*^ 
pflWffi5 7*^J«SnT^So &*5, <!Ollfii5 7« 

Sttfcni!GaNJa6 0±©S i 0 2 J15 9©-95K« 
?LAWte.nTnSGaNS6 0*^WLTfeO, CCD 

sp#kt i / a i frbi&zntmms stmmztix^ 

[0093] C©Wii57. 5 8K«gi^aA-rSCt 
tCkO, I nGaNgttlf 5 4©$^1^>mU C 

omits cmxmi&ztitctsmvffim5 2©±®tjg 

Bfcrfrt&fgSk&oT, L—imiSU ftttS«5l© 

[00941010, 011 omi&mfcts^x, mm 

i65 2M\ 08. 09©0!li:|f3«HC, GaN/16 0±K 
S i02fl5 9£j£JSU-c@L 7*M>V^57^- 1 
y^m:X.'y^yhic^tm^-y^y^lcJ:0. S 
i Oz^5 9 JcAft^OIL^t, C©?Lfc<J:D&fflL 
7cGaN®6 0±C, JWHTC, SHRniCnfiGaN« 

nsa«fiLT«*r*ct*«7*a. c©B#©)£g&© 

Jgtfti:, (10-1 0)m®T?ffl$nfcAft«i:ft5. C 
©Aft88»l5a5 2W;, C«E(n)LT*50, Sffi®(* 

*5 1©*® 

fi£gf *fc4i>, Stt$Sl5 2©TWtt» S i O2H 5 9 

5S5 2tt, Si 02/15 gfcftl/CBtfrflfcfciafi-f 
«. C©S i 0sJB5 9C«-T5Afttt«fili65 2©S5 
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1 ©±®f &£>•£( 0 0 0 1 ) C 
ffifcWfC&SO-!?, A£8mi5 2©(l 0-l 0) 
mS±C«W^nS^l#l3i5 3, 5 4, 5 5, 5 6© 
S i0 2 Jf 5 9te&-f5gP#t > (0 0 0 1)Cffi£&£o 
[0 0 9 5] Sfc, Kftmffi&5 2©±ffilCOl/>T 
14, AftS«^ii5 2©^^g©©^T*^^t>\ 

3S5 3, 5 4, 5 5, 5 6£A8fttflij§5 2±fcfflJl 
fSfcx SUf*iijg5 3. 5 4. 5 5. 5 6©±®«l©6g 
io Bt,CBt¥ffK&S©1?, ±®7jftfre> F5-fxy* 
y**fr*v\ ±iBCtWUfcSHWB6©IISft«ff45 
k, ±ffite*tfitffitfC®©#«(«ji8fiS5 3. 5 
4. 5 5. 5 6)«ft*T»**. fftto*. ^figSffi* 

[0096] C©<fc3lC, 010, 01 l©^f*^t 

^T-ti, 08. 0 9 i&mftfmm&cis^x. s« 

Sfi5 l©±ffik^iS)&73(plR6. R7tC«%mW 

[0 0 9 7] 0 1 2 tt*«Wt^S¥«Sft:%J^?©lfi 
©09*^-r0T»*. 

[0 0 9 8] 01 2£#SITSfc, C©¥g<*£ttl£? 
01 0. 01 1 ©*iW*«J«H e K*l>T, mil*: 

[0 0 9 9] JcDJUtttK* 01 2©¥#{*^t^?T- 
«> (000 l)Cffi*±ffifrs-9-7rW7SK6 1 
nSGaN7 0A^^nT*5t), ^©±(CT i O 
30 a/Si 02$JUHr&&3SKHfl6 9)WWiS*lT^ 

[0 10 0] *LT, C©SSI*Ji6 9©-SBi:tt, n 
SGaNJ»7 0«ffiCS!BW*IL!WB«*tU *©?L* 
3UTnUGaN/f70 afflJbK nfGa N8tffl?>I 6 

zimmztixM. 

[oioi] a««iii6 2©a«, ;asi*®6 9icrm 

5ftfc?l©aw±T»*»), tt«SBi6 2©Sfi6 lffll© 
icS©-gE(4, BSWI16 9S®±ST'«*ttiLTS 

40 [0 10 2] C<om<®m 2tt, Sffi6 1 ©iffitcM 

are, wdo-i o)mffi. ±ffi(±s©*<cffi, 

9(ffK»JR6 9^®±K«*HiLT»L/TV^®)^C 

[0 10 3] *LT, Stt#l^6 2©i!lffilCtt, nfA 
1 GaN^77 K16 3. InGaNg14^6 4. pS 
A 1 G aN^77 HH6 5, pSG aN+^^y^e 6 
*mtfM0CVD»Cj:oT)S^C8MB«nTV^o 

[0 10 4] ^LT^ Afttt««jfi6 2©tJ®©-®© 
pg)GaN*+>y77B6 6©g®ia;}\ Ni/Au*^ 
so ^«pffliM®6 7*^fi)c$nTi/^o 4*5, C©lie86 
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7ttXh5H , 77£K£*LT^So %tc, gfc6 1±£ 
1gg£n/cng!GaNJi7 0±©S i 0 2 Jl6 9©-g|5 
fctt?L*Wt 5nnSG aN!7 0jWBWUT*9» C 
©»»«CT i /A 1 A>e%«njMlB6 8iWB*£nT 

[0 105] C©mffi67, 6 8CTO5*aA-r*Cf: 
t*»)» I nGaNjSti6 4<^Mim, C 

CO 1 0 6] 0 1 2©»«fl!llCi8Vvc, ffifl#ig6 2 
tt, 010. 01 lfcflMlfc, GaN/i7 0±K:iKKat 
l6 9«ARlftft. 7*MW57-<-fc7-y$£ 

9fcAftJ^D?L*ratt, C©?LK<J: OBWUfcG a Njf 
7 0±C, JM«6"T?» gaRWKnSGaN«i|8SJ«SL 

(10-1 0)mffiT*HSnfcAIISi:&So C©A^S 
ffiK&6 2& C*EfiLT*J»>, S8iffi(g1S6 1© 

kit. tt«HKi6 20T««> !liM*t@6 9©t<:5T- 

<tfnft«aca*. -rat^ AAStt«eB6 2tt. 

»6 9t«rr*AftattiKfi6 2oa5»i*, -9-77^7 
s«6i©±i, -rato-ecoooocffifcTfjtft* 

©T\ 7\ftS«fflil6 2©( 1 0- 1 0)m®±lC;fijf £ 
*X3«JiJiji6 3, 6 4. 6 5. 6 6 ©iSSSfli 6 9 IC 

»r**»fc(o o o i )cffifc&s 0 

CO 1 0 7] -01 2©^ft5gftiSi : ?m 01 0, 0 
1 l(f«(«f|LM, R«(HII(5 9)«tfffi 

Sft, flSfc «JH8BKKSrtl*3-r-/y^r 

On-f-O^UTVfc© - ?, <@4©^7£l^-y7 
h7'yyte£oTVfctf, 01 2(0^f*^^^T- 

CO 1 0 8] 01 3tt*f^4te3WtfWK 
?<Offe<D01J^-r0T-fe5o 0i3>&#^-rst, C© 
*mt&&&l&&. 01 2©3^5Bfe£ : ?£teV 1 >T\ 

8«iB»©±afct>*fiM«8 uma&wttQt* 
co i o 9] <t outfit 0i 3<D¥mfcmm?T* 

It. (000 l)CB%±fflfc-r*-9-7Tl'7»«7 1± 
nl«©G a N 8 0*li?tU *©±ET i 0z/ 



CO 1 1 0] COXKMJ|7 90-flRCli, nSGaN 
S8 0Sffl»CliJ»rS7L*WfiKSn, ^©ilfcilLTn 
SG a Nff 8 OSlffiBc nlG a Nfflft§}t7 2:W&£ 

CO l l l ] mm&i 2©g«\ iUKWJf 7 gicwt 
Sftfc?L0gKJ:T**»>, ttK#§iS7 2©gffi7 1 IBS© 
j£ffi©-SRi, *R«Ji7 9«ffi±swi*Hib-ni 

0\ IIKI<t^7 9g®{CgLTI/>5o 
io CO 1 1 2] C(Dtt«fi!ji7 2(4, *&7 1 ©±®lclt 
it?. <Mffitf(l 0-1 0)mffl, ±E(_hg|5)tfCBn, Jg 
ffi(&5ftHi7 98H±K:tt#UJLT&LTV^ffiWC 

CO 1 1 3] *LT, 7 2©{Hffi£ti, nUA 

lGaN^7fKl7 3, InGaNffiffif74, pi! 
A 1 G aN^77 KJf 7 5, p^G a N++ -y 7^7 6 

*W.fcf M 0 C V D J; o rii&Kfcjf stvtvs. 

CO 1 1 4] AftStt^jg7 20WffiO-ffi€) 

pSGaN*-V-y7/f 7 6©^®UItt, Ni/AuW 
20 ftSp«tg7 7i!)^)SSnW. C©®g7 7ttX 

tlfc nS!G a NJf 8 0±©BEftWl 7 9 ©HWctHltf 
!8^&nTnSGaNJi8 0*<SmLTfe»), C©gp# 
ICT i/A lfrf,«:5nllS7 8jW&£24ra^o 
Ste,'8«»BB7 20±iiii:Wi«Bt7 3. 7 4, 7 
5. 7 6 CDMK«, i^£jW§i8 lsW&aSttTV*. 
CO 1 1 5] 01 3©^#f£7fci£?T-ti, m8i7 7. 

7 8fcWIP&&*r*t InGaNSfflf7 

30 7 2©±fflfc£^£*^§gfcaoTl^ffSSU Jt 

«Sfi7 io^ffitsB©^nsiR9icjS5tffi«nao 

CO 1 1 6] 01 SOflMMtC&vr* tt«BJt7 2 
tt, 0 1 2©«I^WtBI«»c > GaNI8 0±fcSSffiM 

9 iCtsPiftmjZm^ C <DHIC «fc •jRffi Lft G a N» 

8 0±K, MttT, SSWlCnSGaN^aSfiL 

CO 1 1 7] C©^©J58S^©Jg««, (1 0-1 0)m 
ffiT-aStlfcAfttttaSo C©AftS^it7 2(4. C 

©TfflStt, »s«»7 9©kc5-e<tfnfc«ji»ta 

«o Tftto*, rtft&M3ft7 2lk jBES«JB7 9lcttL 
TttSSt fefiEfif^o C ©iUKI*© 7 9 (Cfif-r 
a^3i7 2©gp»«, •9-7ri'7«S7 1©±E. « 
*>^(0 0 0 l)CffifcWlCfcS©T\ A^S^Ji7 2 
©(1 0-1 0)mS±lCfflJi^tlS©^^i§7 3, 7 
4, 7 5. 7 6©JlESIiH7 9±K:g-raSP^fe(0 0 
50 ODCltW, 
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[o 1 1 8] n i z<D*mwmgi&T'&, b 1 1 . m 
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BWi©**] tt±WMB8 Lfc «k a K, It$£ 1 GH® 
JBfflCfcfttf, G a N&g{t1fc¥«#cD^f§;§£^ 
**»(*«)iam:fev>T, Mffi±ffi(cSBtc(i o- 

a N^g{b%¥«(*aJi«JiA«l$tU GaN£ 

Mba»¥«i*«i«i3ic«s*ax-r« c t k * 5 , at 
co 1 20] M$aiBR0&iir?ttx ft««Jt 

©fl«?S53(l 0-1 0)mBSKG a N£gfk^¥&f* 
«fS4#&£3£Jlfi)cfiTi.©T\ ?77^7S«*Jf©1fc 

fc, tt«Pii©ffl!lffiT*S&S( 10-1 0)mffiteG a N£ 

*C* *»fc*?©ttli«"FK: «k S^g* 9 ©teT^HD 
A*ci:*<T?**. *&K, *£|5©ffifgftl>— »f©cfc? 

©$S3; D ©teTfcfil*. ?>n« 0 

coi2i] n«a2fse<D^fcj:ntf, is* 

1 BMQ430fHBtiR?lc&lrvr. (0 0 0 

(0 0 0 l)Cffifc(l 0- 1 0)mffit«^BT'feScD 
T% fit*® 1 ©JBl&ldin*, ■9-7r-Y7aE J ?>GaAs 

0-1 0)mffi*^S«fflJffi*«fOtt««l3t«:SBKf¥ 
Sffi±ffiKSil*(l 0- 1 0)mffi*^&£HI 

s**f otttt«6*s»»c«#r s c t mm*** 

[0 12 2] Sfc, «««3BK05aBCJ:titf. II* 
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« 1 »W)¥iW»8JBl8?fc*5V^T, MB*. (0 0 0 

i ) cmzmttz g a NgwbHHqpft-pfcft 

T», f^#fc&SS!«3fjii:gffifc©l£P5£iSt, &® 

cf^**»o«x*ww*n«. Sot, *-©$i® 
cans nsatMBtoigattti « e tciR]± u 

[0 12 3] £5>C, M$33BKQ&H-?& S&© 
±ES*\ (0 0 0 DCItftoTfeD, (OOOl)Cffi 
t(l 0-10)mfflittiirp*5OT, -9-7 7-Y7 a 

SftftCl 0- 1 0)mffi*>5&3<lffi*fcoe#«3§:S: 

MftftftftU &6£ffic3mmKfflt1!lXr*Ck 

20 fiCioT> S«±EKgiS&(l 0-1 0)mffi^64 

[0 12 4] R^S4EK<D$m(Cj:mjr, ss* 
« 1 7bM»*a3<DV>-f n^*tB«OiNW*SBW 

?tfev>r, *k±»c«u m i ow«a**rr*G a n 

30 X^HmMWtfSUIsns mi©^^S^r 
n> KStm^O-SBtcfi, K 1 O^S§y©G a N^g 
XW, 1 O©^£0G a N^gft»¥^<*®Sffi±»i:e« 

(io-i o)mffi±tcOT*n5^tsi)gEi:%5ai^ 

[0 12 5] S*^ii©^«mhfC«*lBLfc 
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0- 1 0)mffi±tcai^n5^^ft?i:i&5ffil^5l 

co 1 2 6] tft, ngg 5 eko&bk: m% 

CO 1 2 7] MOT6f»Q&fllCJ:ft& R# 
*4teK©^#?£ft&7Kfc^-*\ g§«#lltfi§iK*f 

CO 1 2 8] StOT7iaM)&glCJ:ft& 



[07] 06<DA-A" ISHCfcttSBrffiBTfi&S. 
[08] *^(C«5¥^i*:^m?OffiOfiflJ^-r*f 



[01] *^»c««¥«#:«^?<O-0iJ^-r^l 

[02] 01OA-A' «Cte»*BfffiH-efcSo 
C03] *mfr%**mm!m&MM&7rct& 
M®T'3t>2><, 
[04] 03<DA-A' iCfeltSSfffi^T'SSo 
[05] *^c&S^ftf^?*ffl^*7U^fg 

[06] E5(D7H'^ : ?«:«lfiStr«.<B^cO^«:^7 , e 



[09] 08OA-A' tllCfe^SBrSH-pfeS. 

[a i o] *m\mzmmm&i^<ow)&m 

[011] 01 0<DA-A' ^ICfcttSErffiST'feSo 
[012] *^t^5*SJ#^t^?<Dffi©0>J^-r 



io [013] *mic&z*m#mx?<m<Dm**? 

»?ffi0T-feS„ 

[014] m<P I n A 1 G a Nit^!ff«*&ffl^ 

[015] mnms®mi^-#-*'(*-\ l e>tm 
[0 1 6] w^omm.v~^-^t-Y<mm-Q 

[017] tfcfcOEfgftb— tf-£W:*- K<D£HI0T' 

1 1 *y?T4TW& 

12, 2 2. 32, 4 2, 5 2, 6 2, 7 2 nSG 
aN08tt#Bfi 

1 3, 23, 33. 4 3, 53, 6 3. 7 3 nMA 
1 GaN^yKJf 

1 4,2 4,3 4.4 4.5 4,6 4.7 4 InG 
aNffilti 

1 5. 2 5, 3 5. 4 5. 5 5, 6 5, 7 5 pSA 
1 GaN^77Kl 
30 1 6, 26. 36. 4 6. 5 6. 66. 7 6 pSG 

1 7. 27. 37. 4 7. 5 7, 67. 7 7 Ni/ 
Au6>&4*pflW« 

1 8. 2 8, 38. 4 8. 5 8. 6 8. 7 8 T i/ 
A 1**543 nJtKffi 

21. 41. 51. 61, 71 -9-7 7^7(0 0 0 

2 9, 39. 4 9, 5 9 Si Oz/f 

31 nSGaN(000 

5 0. 60, 70. 80 nSOGaNl 

6 9. 7 9 T i Oz/S i Oa^ 

8 1 
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